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4.2. 	 Ancestral wing veins

The strong support for the uniform wing-margin model 
found in Lichenaula provides an opportunity to address 
questions about the evolution of wing patterns that con­
form to this model.
	 On wings that follow the alternating wing-margin 
model (Fig. 1A) – belonging to moths in the families Mi­
cropterigidae and Tortricidae – plesiomorphic lepidop­
teran wing veins continue to influence the development 
of wing pattern, even if those veins are not expressed in 
the adult wing. For example, moths’ ancestral 3-branched 
subcostal vein is known today in the family Agathiphagi­
dae (Schachat & Gibbs 2016), and the first branch of 
the radius vein is not expressed in Micropterix or in any 

Tortricidae; however, the ancestral 3-branched subcostal 
vein and 2-branched radius vein continue to influence 
the development of wing pattern in both Micropterigidae 
and Tortricidae (Brown & Powell 1991; Baixeras 2002; 
Schachat & Brown 2015, 2016).
	 For wing patterns that follow the uniform wing-
margin model, the role of plesiomorphic veins is not 
nearly as clear. The psychid genus Ardiosteres and the 
tineid genus Moerarchis both generally conform to the 
uniform wing-margin model (Schachat & Brown 2017; 
Schachat 2017). In these genera, a number of pattern 
elements reach the costa before Sc terminates along the 
margin; this could be interpreted as evidence that plesio­
morphic lepidopteran veins – the humeral vein and the 
first two branches of the subcostal vein – continue to 

Fig. 3. Wing pattern and wing venation in moths belonging to the genus Lichenaula. A: L. maculosa (Turner, 1898). B: L. comparella 
(Walker, 1864). C: L. melanoleuca Turner, 1898. D: L. laniata Meyrick, 1890. E: L. calligrapha Meyrick, 1890. F: L. lichenea Meyrick, 
1890. G: L. callispora Turner, 1904. H: L. nr. arisema. (Scale bars: 2 mm.)
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constrain the development of wing pattern in these taxa. 
However, none of the psychid or tineid specimens exam­
ined showed strong evidence of continued influence of a 
2-branched radius vein.
	 The wing patterns of many Lichenaula species follow 
the uniform wing-margin model more definitively than 
those of some Moerarchis specimens and many psychid 
species. Lichenaula does not provide strong evidence 
that plesiomorphic wing veins continue to influence the 
uniform wing-margin model when these veins are not 
expressed in the adult wing. In the species examined 
here that follow the uniform wing-margin model, only 
one (Figs. 3B,E,F) or two (Figs. 3A,C,G) dark pattern 
elements reach the costa before Sc terminates. However, 
there are three ancestral veins in this part of the wing: the 
humeral vein and the first two branches of the subcostal 
vein. Furthermore, none of the Lichenaula specimens ex­
amined here have any pattern elements that correspond 
to the ancestral branch of the Radius that is not visible on 
the adult wing.
	 The one-to-one relationship between pattern elements 
and ancestral lepidopteran wing veins, observed for the 
alternating wing-margin model in both Micropterigidae 
and Tortricidae, appears not to hold for the uniform 
wing-margin model.

4.3. 	 Phylogenetic context

At present, the relationship between wing pattern and ve­
nation along the costa has been examined in representa­
tives of five families of Lepidoptera: Micropterigidae 
(Schachat & Brown 2015, 2016), Psychidae (Schachat 
& Brown 2017), Tineidae (Schachat 2017), Tortrici­
dae (Brown & Powell 1991; Baixeras 2002), and now 
Xyloryctidae. Wing pattern in the family Nymphalidae 

(Papilionoidea) is described by the nymphalid ground­
plan, which was recently updated (Martin & Reed 2010; 
Otaki 2012), and the relationship between wing pattern 
and venation for this family was extrapolated from the 
groundplan (Schachat & Brown 2016).
	 The alternating wing-margin model most likely re
presents the ancestral state for Lepidoptera. Recent phy­
logenies have recovered either Micropterigidae (Heik-
kilä et al. 2015; Bazinet et al. 2016) or Micropterigidae 
+ Agathiphagidae as sister to all other Lepidoptera (Regi-
er et al. 2013, 2015). The Agathiphagidae have a lightly 
mottled wing pattern with no discrete pattern elements 
(Schachat & Gibbs 2016), and most Micropterigidae fol­
low the alternating wing-margin model – the few species 
that conform to the uniform wing-margin model fall into 
derived lineages of the genus Sabatinca (Schachat & 
Brown 2015, 2016). When viewed in a preliminary phy­
logenetic context, the results available thus far suggest 
that multiple transitions between the alternating and the 
uniform wing-margin model have occurred: represented 
by Sabatinca, various Tineoidea, and, now, Lichenaula 
(Fig. 5). However, Micropterigidae is the only family of 
moths for which the relationship between wing pattern 
and wing venation has been examined in an exhaustive 
and complete manner; additional representatives of the 
tineoid and gelechioid superfamilies should be examined 
in order to verify and refine the preliminary phylogenetic 
hypothesis presented here.
	 No insects outside of the Lepidoptera are known to 
have wing patterns that follow the alternating wing-mar­
gin model. In contrast, insects belonging to various orders 
have wing patterns that follow the uniform wing-margin 
model. Drosophila guttifera Walker, 1849 is perhaps the 
best-known insect whose wings have spots at the points 
where veins terminate along the margin (Werner et al. 
2010). Furthermore, spots also occur on the wings of 

Fig. 4. Wing pattern and wing venation in moths belonging to the genus Lichenaula, continued. A: L. musica Meyrick, 1890. B: L. phloeo­
chroa Turner, 1898. C: L. choriodes Meyrick, 1890. D: L. onychodes Turner, 1898. (Scale bars: 2 mm.)
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Drosophila guttifera at the points where veins bifurcate. 
These are reminiscent of the spots that occur at the points 
where Rs and M/CuP bifurcate in L. maculosa (Figs. 
3A, S1A,B). Such spots have been noted in other moth 
taxa ranging from Micropterigidae (Schachat & Brown 
2016) to Macroheterocera (Lemche 1935). Other non-
lepidopterans whose wing patterns follow the uniform 
wing-margin model include the world’s largest known 
cicada species, Megapomponia imperatoria (Westwood, 
1842) (Lee & Sanborn 2010), and cicadas from various 
other genera (e.g., Lee 2014). In Megapomponia impera­
toria, additional spots occur on crossveins.
	 Among the sister-group to Lepidoptera, the Tricho
ptera, various genera in the family Phryganeidae have 
wing patterns with spots that straddle many veins along 
the wing margin (Redell et al. 2009). In the phryganeid 
species Oligostomis ocelligera (Walker, 1852), additional 
spots occur at the points where veins bifurcate (Redell et 
al. 2009). But, unlike the moths, flies, and cicadas men­
tioned above, Oligostomis ocelligera also has markings 
that occur between adjacent vein branches, rather than 
being centered on individual veins. This suggests that 
the wing patterns of Lepidoptera and Trichoptera may be 
constrained by different developmental mechanisms.
	 A recent contribution posited that the wing pattern 
elements of Lepidoptera are not homologous to the 
wing pattern elements of other insect orders, because the 
wing patterns of Lepidoptera do not resemble those of 
Trichoptera and because the wing patterns seen in Lepi­
doptera originate from the scales whereas the wing pat­
terns of other insects originate from the wing membrane 
(Schachat & Brown 2016). The prevalence of the uni­
form wing-margin model within and beyond Lepidoptera 
is a suitable test case for the exploration of developmen­
tal mechanisms that underlie similar wing patterns across 
insect orders.
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